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Scatter-hoarding animals store food by hiding small
amounts of food in many scattered locations or caches
(Morris, 1962; Vander Wall, 1990), each of which is cre-
ated with a single deposition of food. Caches are later re-
trieved by the hoarder; in the case ofthe Clark's nutcracker
(Nucifraga columbiana) or the gray squirrel (Sciurus car-
olinensis), the retrieval episode may occur 8-l I months
after the caching event (Thompson & Thompson, 1980;
Vander Wall & Hutchins, 1983). Many sites are used only
once, to reduce the risk of cache pilferage by competitors
(Andersson & Krebs, 1978; Daly, Jacobs, & Wilson, 1992;
Hampton & Sherry, 1994), and when cache sites are vlr-
tually unlimited, scatter hoarders rarely reuse sites (Jacobs
& Liman, 199 l). Each caching event can therefore be
uniquely characterized by its location relative to nearby
landmarks.

Laboratory experiments have provided evidence that
scatter-hoarding birds, such as the black-capped chickadee
(Parus atricapillus) and the Clark's nutcracker and mam-
mals, such as the gray squirrel and the Merriam's kanga-
roo rat (Dipodoml,s metiami), can remember the precise
locations oftheir scattered caches (Jacobs, I 995; Shettle-
worth, 1995). Evidence that memory for cache sites is an
evolved adaptation comes both from comparative studies
of cache retrieval (Balda & Kamil, 1989; Clayton, 1995)
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and from artif icial tests of spatial memory such as the
one-trial associative memory task (Brodbeck, Burack, &
Shettleworth. 1992\. In both natural and artif icial tests
of spatial memory, it is clear that scatter-hoarding animals
have a remarkable abil ity to relocate places in space.

A first step to understanding how this precise spatial
memory works is to determine what factors can influence
the accuracy ofthe scatter hoarder's retrieval performance.
Two factors that have been shown separately to influence
spatial memory in artif icial tasks such as the radial arm
maze are the latency between learning and testing, with
retrieval intervals leading to reduced accuracy (Roberts
& Dale, 1981), and visual landmarks in the learning en-
vironment, with presence of landmarks leading to better
accuracy (Cohen, Reid, & Chew 1994). We are including
as landmarks all conspicuous, distinct objects in the en-
vironment. both distal and near. These factors may also
influence accuracy ofcache retrieval. It is already clear
that many scatter hoarders characterize each cache by the
spatial relations between the cache and landmarks; for
example, the retrieval accuracy of Clark's nutcrackers is
lou'er u,hen landmarks present during caching are re-
moved before retrieval (Balda & Turek, 1984). Shift ing
landmarks near caches also causes both birds and mam-
mals to shift their search for caches to sites located at the
same relative distance to the shifted landmarks (Bennett,
I 993; Vander Wall, I 982, I 99 I ). In a recent study, Clark's
nutcrackers were found to characterize the site ofa hid-
den food item by the relationships between nearby land-
marks in the arena (Kamil & Jones. 1997). Thus, when
landmark cues are available. scatter hoarders use these cues
to locate caches. Yet no study has addressed the comple-
mentary question: Can scatter hoarders accurately recover
caches ifconspicuous and salient landmarks are not pre-
sent during caching'?

Although retrieval interval by rtself has been shown to
affect cache retrieval accuracv in Clark's nutcrackers
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(Balda & Kamil, 1992), and black-capped chickadees
(Parus utricapil/as) (Hitchcock & Sherry, 1990), no study
has examined the way in which the length of the retrieval
interval and the presence o1'conspicuous landmarks com-
bine to affect memory for cache locations. In the present
study, we examine the possible interaction of these fac-
tors in the Merriam's kangaroo rat, a nocturnal, scatter-
hoarding rodent. Merriam's kangaroo rats are small (35 g),
primarily (though not exclusively) scatter-hoarding, ro-
dents (Jenkins & Peters 1992; Reynolds,  1958).  In the
laboratory, they can rely solely on spatial memory to re-
trieve their caches (Jacobs, 1992).

Using a 2 x 2 factorial design, we tested the effect of
distinct landmark arrays and retrieval interval on cache
retrieval accuracy in Merriam's kangaroo rats. To manip-
ulate visual environment. we tested kangaroo rats either
in a bare environment or in an environment with an array
of l6 trial-unique landmarks. We chose to manipulate
landmarks by using objects placed on the floor bf the
arena. Most of the previous experiments showing that
scatter hoarders also rely on landmarks to orient them-
selves to caches have been done with within-apparatus
objects (Bennett ,  1993; Vander Wal l ,  1982. l99l) .  To
manipulate delay, we tested the kangaroo rats after re-
trieval intervals of I or l0 days. We predicted that the ef-
fects of landmark condition would vary as a function of
delay, with recovery accuracy declining more after long
delays if caches had been made in a bare environment
than after the same delay in an environment with an as-
sortment of unique visual landmarks present.

METHOD

Kangaroo rats were tested in lu,o cache retrieval interval condi-
tions ( I dal and l0 days, hereafter l D and 1 0D) and trvo .r,isual en-
vironment conditions (0 and I 6 trial-unique landmarks, or 0LM and
l6LM). The short  interval  was the minimum tesrable retr ieval  in-
terval  for  which we could ensure that in al l  condi t ions.  animals had
restricted access to food for the same period of time and would be
hungry at the start of testing. The long retrieval interval selected
was simrlar to the longest retr ieval  interval  of  12 days that has been
observed under natural  condi t ions {Daly et  a l . .  1992).  In order to
pro" ' ide an array of landmarks that would be sal ient  to the aninrals.
tnal-unique arrangements n 'ere used.

Animals
The animals complet ing the cxpcr imental  procedure were 6 wi ld-

caught Mcrr iam's kangaroo rats (4 females.  2 males).  These ani-
mals werc selected from a group of  20 on the basis of  therr  wi l l ing-
ness to cache liequently in the expenmental situation. Three kangaroo
rats13 temales) had bccn trapped in Porral .  Ar izona. in i991 or
1992 and maintarned in capt iv i ty at  San Francisco State Universi ty.
The other animals (2 males,  I  temale) were t rapped as adul ts in De-
cember 1995 near Palm Desen. Cal i fornia.  Al l  animals were housed
on sand and were observed to cache food in their home cages.

The kangaroo rats were housed singly in 46 x 24 cm plastic cages
on sand with cot ton bedding and a smal l  container (a capped plas-
t ic pipe, a 

-elass 
jar ,  or  a metal  can) as a nest chamber Pr ior to the

start of the experiment. all an imals were placed into a reversed I 2: I 2-h
l ight :dark cycle.  the l ights being ext inguished at  0800 h.  Al l  ani-
mals were given ad- l ib access to a diet  of  mixed bird seed and ro-
dent chow. Lettuce $,as prol ided as a \ \ 'ater source. Dur ino r l re ex-

periment, subjects u'ere lood restricted to l.-5-2 g of oats 2.1 h prior
to a caching or retr ieval  session. Body weight was monitored
throughout the exper iment,  and they were not permit ted to fa l l
belorv 96% oftheir free-feeding baseline.

Apparatus
Thearenaforcachingwasa l l8 X 179 x 4Tcmopenboxmade

oiblack acrylic plastrc. enclosed by white plastic curlains suspended
from the ceiling and draped inside the arena ivalls (see Figure I ). A
wood collar supported a raised floor in the arena. This floor consisted
of eight galvanized steel plates (45 x 45 cm). divided into two paral-
lel rows of four each, and the rows were separated by a wood divider
(29 x 179 cm). Each plate contained a 4 \ 4 array of 4-cm drilled
holes.  Each hole was f i t ted wi th a cup (4-cm rnter ior  d iameter;
3.25 cm deep) that  hung snugly f rom the cup\ r i rn.  These cups,
f i l led r . r  i th sand, const i tuted I  28 potent ia l  cache si tes.  A plast ic dish
in the center of the div ider acted as a leeder dur ing cache sessions.

Landmarks were used in the arena during the pretest trial, habit-
uat ion t r ia ls.  and each l6LM test  t r ia l .  We chose objects wi th nat-
ural shapes and textures such as rocks, artificial cloth flowers. sticks.
and pine cones as wel l  as short  (10-cm) lengths of  7.5-cm-diameter
black plastic pipe sawed in half. The landmarks u,ere placed on the
plates betrveen cups. around the edges ofthe plates. and on the cen-
ter div ider.  The la i rdmarks were randomly chosen for each tr ia l
f rom a pool  ofapproxrmately 100 objects.

oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo

tHf
iFr t
l - [

l i l t

oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo
oooo

Figure l .  Schematic diagram of the caching arena. The open
circles represent the cups suspended from the plates.



There were some extra-apparatus visual cues that the animals
could use to orient themselves in the arena. Holes were cut in the
curtains on the two long sides ofthe arena in order to videotape tri_
als: On one side. a round hole was cut slightly larger than the lens
ofthe camera, and on the other, a large rectangular hole was cut so
that a mirror could be suspended at an angle above the arena. This
was done because the video camera could not record activity in the
entire arena unless it recorded from rhe mirror. A light also provided
an external  v isual  cue. Light ing consisted ofa s ingle 60-W bulb on
the outside of the curtain beneath the v ideo camera. This l isht
source created a diffi.rse uneven lieht in the arena.

Procedure
The experiment consisted of three phases: pretest, habituation,

and test .  A t r ia l  at  each phase of the exper iment consisted of two
sesslons: a cache session and a recovery session. During cache ses_
sions, the feeder in the center ofthe arena was stocked with 60 sun-
flower seeds; it was empty during recovery sessions. Eight land_
marks were used for trials in the pretest and habituation phases, and
either 0 or l6 landmarks were used in the test phase. For each trial,
the landmarks were placed in trial-unique configurations, wrth no
landmark occupying a place where one had been in the immediately
preceding tr ia l  or  a place i t  had ever occupied before.  The land_
marks were always in the same place in a recovery session as they
had been in the preceding cache session.

In the pretest and habituation phases, the animals were checked
after 2 h,  whereas in the test  t r ia ls,  animals were checked af ter
20 min. We determined whether the animal had cached by counting
the number ofseeds left in the feeder, the size ofthe kangaroo rat's
cheek pouches, and whether cups appeared to contain seeds. Two
signs indicated rhat caching had occurred at a site: the presence of
sand excavated from a cup and the visible presence of ieeds in the
cup. Animals were removed from the arena ifthey had cached seeds
ln at  least  two cups.

After the cache sessions, all cups were emptied and the number
of seeds cached was recorded. The plates and center divider were
wiped with disposable. detergent-impregnated cleaning towels (i.e.,
"baby wipes") in order to clean or mask odor trails left by the ani-
mals. The cups were returned to the plates in new locations. Before
retrieval sessions, each cache was replaced. ln the pretest phases, all
seeds that the animals had cached were returned. In the habituation
and tesl phases, two seeds were returned to each cache. to reduce
the l ikel ihood that the animals would become sat iated af ter  retr iev-
ing one or two caches, and to ensure that all caches emitted the same
amount of odor from the seeds. E.ach cup was covered with a blue
plast ic poker chip (diameter = 3.75 cm),  which f ' i t  snugly over the
sand surface. The chips made searches in cups more obvious and pre-
sumably reduced odor cues from the seeds. Once removal w.as mas-
tered by the animal,  the poker chips did not appear to interfere wi th
cache retrieval. All trials were separated by an intertrial interval of
at  least  I  I  days.  wi th no more than l5 days elapsing between tr ia ls.

Pretest Phase
Animals were lef t  in the arena with 60 sunf lower seeds in the

feeder lbr 2-h blocks unril they cached seeds in the sand-filled cups.
or unt i l  6 h had elapsed. Fai lure to cache on Day I  resul ted in a sec_
ond caching session the next day for up to 6 h in durat ion.  The an-
imals that cached were returned to the arena 24 h later wrth their
caches in cups intacr,  but  wi th al l  other seeds (e.g. .  in the feeder.
cached on the plates or on the div ider)  removed by the exper i_
menter. The kangaroo rats remained in the arena until they had re-
tr ieved their  caches. or unt i l  6 h had elapsed. Ofthe 20 animals pre_
tested, l2 animals cached and recovered sunf lower seeds and were
retained for the next part  of the exper iment.  Eight landmarks were
used dur ing the pretesr phase.
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Habituation Phase
Each of  the remaining l2 anrmals was given habi tuat ion t r ia ls to

ensure that it would reliably cache in the cups. The cache sessions
ofthe habituation trials lasted 2 h. A retrieval session occurred on
the following day. The retrieval sessions lasted for 80 min or until
the animal had recovered at  least  60% of i ts caches. Habi tuat ion t r i -
als continued until the animal had made two caches per session in
at  least  two sessions. The minimum number of  habi tuat ion t r ia ls
given to any animal was four. Animals that lailed to make tw.o caches
rn two sessions within seven habituation trials were not used in the
remainder of the experiment. Six animals were moved on to the test
phase. Of the 6 animals that passed through habituation, 3 had no
prror experience. The 3 San Francisco State animals had four to five
additional habituation trials in the experimental apparatus 3 months
prior to the start of the experiment. Because of the break in train-
ing, they were habituated to the arena again.

Test Phase
The test phase consisted ofa 2 X 2 lactorial w-ithin-subjects de-

sign. Each animal was tested once in each condition. and the order
ofconditions was randomly assigned for each subject. The manip-
ulat ions were delay between cache and recovery ( lD or l0D) and
the avai labi l i ty  of  v isual  cues or landmarks (0LM or l6LM).  Al l
test trials were videotaped.

In each cache session, the kangaroo rat was placed in the arena
and left for 20 min. The experimenter reentered the room and eval-
uated whether or not the animal had cached anv seeds. The tr ia l
ended if the animal had made at least two cachis. Otherwise. the
tr ia l  cont inued with checks by the exper imenter at  35 min and
50 min.  At  that  point ,  i f  the animal had not made two caches. i t  was
returned to its home cage with a ration ofoats and the cache session
was continued the next day. Ifthe animal made one cache during the
Ist day, that cache was capped with a rightly fining lid on the 2nd
day. This happened one t ime for 2 animals.

Recovery sessions occurred ei ther I  or  l0 days af ter  cache
sessions. To avoid confusion. the sites used as caches in the orevi-
ous session wi l l  be cal led target caches. In addi t ion to the iareet
caches, which were each replaced with nvo seeds, equal numbers of
bai ted control  s i tes.  each containing two seeds, rvere placed in the
arena. \!'e chose these sites from those used bv the animals thcm-
selves as cache sites so that the controls reproduced any site pref-
erences for that  indiv idual .  The funct ion of the control  caches was
to ensure that the recovery oftarget caches was not based solely on
search for the odor ofseeds. I fodor is the exclusive or even the Dr i -
mary cue, kangaroo rats should be equal ly i ikelv ro discover ei iher
controls or targets. Control sites were chosen from cups that the an-
imal had used to store seeds in the ear l iest  t r ia ls rn the arena. On the
average, 88 days had elapsed between the animal usins the sire as a
cache and the exper imenter choosing i t  as a control .  fue est imated
the distance between target cache sites and control sites by using the
number ofcups tei ther l inear ly or diagonal ly)  bet teen each conrrol
and the closest target and counted the center div ider as equivalent to
a 2-cup distance. The average drstance berueen each conirol and the
nearest target cache was 8 + 0.9 cups. Recovery sessions lasted
20 min.

Al l  cups in the arena were empt ied. and the numberof seeds lef t
in each target s i te or control  s i te were counted. A target c l r  control
was considered retr ieved i fat  least  one seed had been removed by
the animai.  The order of  s i tes searched was evaiuated f iom the
videotapes ofeach session. A si te was considered searched i fan an-
imal had ei ther removed the poker chip and dug in the cup or ar-
rempted to remove the poker chip for  more than 1.5 sec.  Searches
were categor ized as:  (  I  )  targets;  (2)  controls l  (3 )  neighbors.  def ined
as anv cup adjacent to a cache si te:  and (4) uncategor ized searches.
def ined as al l  other cups in the arena.
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Analysis
Two measures were devised to analyze the data. First, the per-

centage ol  target caches and control  caches retr ieved was calcu-
lated. This measure showed the animal\ recovery accuracy over the
entire sesslon. The second measure. hit percentage, was based on
the order ofsearches. I t  was designed to be a more precise measure
of cache memory by limiting the analysis to the cups first searched
by the animal. We analyzed the four categories ofsearch types de-
scr ibed above using hi t  percentage, which we def ined as the per-
centage ofsearches in each category of the f i rst  searches of the ses-
sion, up to the total  number ofor ig inal  caches made in that  t r ia l .  For
example. ifa kangaroo rat made four caches, and ifit then, during
the search ofthe first four sites, would choose two target sires, one
control site and one uncategorrzed site. the hit percentages rvould
be 500.6 target.257o control .  and259/o uncategor ized si tes.

R.ESULTS

Kangaroo rats made an average of 2.1 + 0.2 caches in
each of the four erperimental conditions, placing I 1.4 +
0.9 sunflower seeds in each cache. There were no signif-
icant dif lerences in the number of seeds placed in each
cache per condition. There was a significant effect ofvi-
sual environment on the number of caches made [F( I.5) :
10.0, p = .025]; the kangaroo rats made on average one
more cache in the l6LM conditions. Because control sites
were chosen from those the animal had previously chosen
as cache sites, their history as caches could have poten-
tially affected their probabil ity of retrieval as a control.
Eighty-five percent (54164) ofcontrols $'ere chosen from
sites where the cache had been retrieved; ofthese, 51%
(28154) were retrieved as controls. Of controls chosen
from caches that had not been retrieved, 60% ( 6/ I 0 ) were
retrieved as controls.

Because the percentage oftargets or controls recovered
could have reflected differences in overall activity level
in the arena. the total number of searches that animals
made in each condition was calculated. There were 13.3
cups searched per session, on the average. There were no
statistically significant dif lerences in total number of cups
searched per session [effect ofretrieval interval, F( 1.5) :
3.73, p:  .111; ef fect  of  landmark.  F(1,5) :  0.96. p:
.312'. interaction, F( I,5; : I .192. p : .3251. There was
considerable variabi l i ty between sessions, h owever ( mean
number of  cups searched per condi t ion:  lD,  0LM. l9 7 +
7.2 cups; lD, l6LM. 13.2 + 5.2 cups; l0D, 0LM, 9.3 r
4.4 cups; l0D, l6LM. I  I  .2 + 2.7 cups).

The animals retrieved a greater percentage of target
caches than ofcontrol caches under all conditions. as can
be seen in Figure 2.  A three-w'ay analysis of  var iance
(ANOVA) of the effects of retrieval interval and visual
environment on the percentage oftargets versus controls
retrieved revealed no effect of interval [f( I,5) : 4.21 ,
p:  .0951or v isual  environment [ f (1,5) :  5.88. p :
.0601. only an ef fect  of  type of  s i te searched [F(1.5):
17.19, t r t  :  .0091.

The percentage of targets retrieved was affected by
both retent ion interval  [F(1,5) :  12.63. p --  .016] and
visual  environment [F(1.51 :  12 2t ,  p :  .017].  wi th no
signi f icant interact ion between these ef fects l f t  t .S t  :

1.19, p : .2241. Planned comparisons of percent of tar-
gets retrieved at the two retrieval intervals revealed no
differences between the 0LM and l6LM conditions after
a lD retent ion interval  [ f (1,5) = 0.004,p :  .95] .  Af ter
the l0D retention interval. the difference between re-
trieval in the OLM and l6LM conditions approached sig-
ni f icance [F(1,5) :  6.162, p = .056].  The retr ieval  of
controls was not af fected by ei ther retent ion interval
[F( 1,5) : 0.52,p = .501] or visualenvironment [F( 1,5) :
0.40, p : .5551, nor did these factors interact [F( 1,5) :
0.23. p : .65 l l. Comparisons of landmark condition ef-
fects at the two retention interval levels also showed no
signi f icant ef fects I  D comparison, F(1,5) :  0.001.p :
.979; l0D comparison, F(1,51 = 0.501, p :  .51 l l .

We then analyzed the initial searches of animals, using
hit percentages. Figure 3 shows the proportion of hits di-
rected at each site type by condition. To establish whether
init ial searches were random or directed. we first com-
pared searches in cups for the combined categories oftar-
gets, neighbors, and controls and compared that with
searches of uncategorized sites. Of the 63 searches that
constituted hits, pooled across all animals and conditions,
6l rvere in the combined category of targets, neighbors,
and controls. Two searches occurred in uncategorized
sites: One of these was a cup next to a control site; the
other was isolated. On the average. of the 128 cups in the
arena,30 ofthem rvere sites consisting oftargets, neigh-
bors, and controls, and 98 cups were uncategorized. A
chi-square test of the probabil ity of the outcom e of 21 63
searches occurr ing in the cups that consisted of98/128
of the cups in the arena shows that this result was un-
l ikely to occur by chance (X2 = 67.145, p <.0001).

An overall two-way ANOVA of the percent of target
hits in initial searches did not reveal any significant effects
[ef fect  of  retent ion interval ,  F(1,5) :  0.430, p:  .54 l ;
ef fect  of  landmarks,  f (1,5) :3.567, p:  . l  l8;  inter-
act ion.  f (  I ,5)  :  4.217, p :  .09511 see Figure 4.  Planned
comparisons at the two retention intervals showed that
there was no difference in hits oftargets at the I D reten-
t ion interval  [F(1.5) :  0.013,p :  .913].  However,  at  the
l0D retention interval. a significant effect of landmarks
was found [ f (1,5):  10.554. p:  .0231. No stat ist ical ly
significant effects u,ere found in hit percentages ofcon-
trols [ retent ion interval ,  F( 1,5 )  :  0.401 ,  p = .550; land-
marks.  F(1,5) :  0.145, p:  .530; interact ion,  f (1,5) :
3.776, p:  . l  l0] .  Comparisons at  the two retent ion in-
terr"als also revealed no significant effects ! D. f( 1.5 ) :
.302. p:  .606; l0D. F(1.-5) :  2.893.7r :  . l -s0l

DISCUSSION

The overall retrieval ofmore target caches than control
caches indicates that the kangaroo rats remembered the
location of their caches and used this memorl, to relocate
them. It is unlikely that controls were located by using
menlory. because an average of3 months had elapsed be-
tween the use ofa site as a cache and its reuse as a control.
In addition. the data strongly suggest that the kangaroo
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Figure 2. Percent retrieval ofcaches recovered during the cache retrieval
session (N: 6). Open circles represent the average (+SE) performance in
the 0-landmark condition and the filled circles represent the average (+SE )
performance in the l6-landmark condition. (A) Percentage of targets re-
trieved. (B) Percentage of controls retrieved,

rats treated targets and controls differently. Note that all
cups adjacent to control sites were classified as uncate-
gorized sites in the hit analyses. These sites were almost
never searched by kangaroo rats: The percentage of ini-
tial searches ofuncategorized sites per condition was only
0.8. By comparison, the percentage of init ial searches of
neighbors (sites adjacent to target caches) per condition
was 18.4. Finallv. init ial searches ofneishbors occurred

in all conditions, but searches ofuncategorized sites oc-
curred only in the most demanding of the four condi-
t ions,  the 10D,OLM condi t ion (Figure 3).

Fewer caches were made in the OLM conditions than
in the l6LM conditions. This might have affected re-
trieval accuracy; accuracy in the I D, OLM condition was
not affected by this difference, however. In addition,
equal numbers ofseeds were stored across conditions and
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Figure 3. Distribution ofhits during a retrieval session directed at site types. Hit percentage is defined
as the proportion ofsites ofa certain type searched in the beginning ofa retrieval session, up to the total
number ofcaches available at the beginning ofthat session, Open bars are proportion ofsearches in tar-
get caches, filled bars are proportion ofsearches in controls, hatched bars are searches ofneighboring sites
to targets, and gray bar is searches in all other uncategorized cups in the arena.
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the hunger level of animals across conditions should have
been the same; thus, motivation to search for caches should
also have been equal across conditions.

The accuracy of cache recall was rnanipulated via the
two parameters that we predicted would interact to affect
cache retr ieval  accuracy:  an increased delay between
caching and retrieval. and the presence ofa unique visual
array of landmarks. We used trvo different methods to
analyze cache retrieval accuracy: hit percentage of tar-
gets and percent recovery of targets. The percentage of
targets hit was not different in the two landmark condi-
t ions in the lD retent ion interval .  ln the l0D interval .
however. the percentage of targets hit was higher in the
l6LM condi t ion than in the 0LM condi t ion.  The resul ts
of  the analyses using percent recovery of  targets was
similar to the hit analyses. rvith the difference between
the l6LM and OLM condi t ions in the l0D condi t ions ap-
proaching signi f icance.

There were no statistically si,unificant effects of the
manipulations on recovery of control caches. However,
the percentage of controls recovered in the I 0D. OLM
condition was lower than in the other conditions. Perhaos
fail ing to find or remember their own caches led to a de-
creased drive to search for caches. This is supported by

the decrease in overall number of sites searched in this
condition. The drop in activity level and control searches
in this condition does not invalidate the overall results.
however. In the hit analysis, while percentage of targets
hit was lower in the l0D. 0LM than in the l0D. l6LM con-
dition. the percentage of control hits was higher. and this
shou,s the opposite effect (Figure 4).

The animals used for the test phase of the experiment
were those most l ikely to cache reliably. Our elimination
procedure produced a mix of one-third male and two-thirds
female subjects in this experiment. A previous study of
cache retrieval in Merriam\ kangaroo rats showed no sex
di f ferences in retr ieval  accuracy (Jacobs. 1992).  How-
ever. in a study ofsex differences in the desert kangaroo
rat (DiTtotlonn's deserti\. Langley fbund that t'emale kan-
garoo rats were able to use intra-apparatus landmark cues
to locate a goal ,  whereas male kangaroo rats did not lo-
cate the goal by using these cues ( Langley, I 994). In addi-
tion. Will iams. Barnett. and Meck ( 1990) found that fe-
male Norway rats relied more heavily on visual landmarks
to orient themselves to food locations than did males (al-
though in that study the landmarks \\,ere extra-apparatus).
Thus. if female Merriam's kangaroo rats particularly at-
tend to the k ind of  intra-apparatus landmarks that we



A) Targets

chose to manipulate in our experiment, the size of our ef-
fect could have been influenced by the high proportion
of female subjects. Future studies done with artificial tasks
may be able to test the effects of landmark manipulations
without the necessify of subject elimination, and with equal
proportions of males and females.

We chose to manipulate intra-apparatus cues ln our
experiment. In other studies. intra-apparatus cues have
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been more salient than extra-apparatus cues in a discrim-
inat ion task (e.g. ,  Chamizo, Ster io,  & Mackintosh, 1985;
March, Chamizo, & Mackintosh, 1992). Langley's food-
finding study, with desert kangaroo rats. yielded the op-
posite effect: animals did not rely primarily on intra-ap-
paratus cues, but instead or iented themselves toward
goals by using extra-apparatus cues (Langley, 1994). Such
differences in cue saliencv mav derive from the tvpe of
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Figure 4. Searches during retrieval sessions directed toward target and con-
trol sites. Hit percentag€ is defined as the proportion ofsites ofa certain (vpe
dug in the beginning of a retrieval session, up to the total number of caches
available at the beginning of that session. Open circles represent the average
(+SE) performance in the O{andmark condition, and the filled circles repre-
sent the average (+SE) performance in the l6-landmark condition. (A) Hit per-
centage of targets. (B) Hit percentage of controls.
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cue rather than its position relative to the maze, however.
In the present experiment, we chose our landmarks from
a large pool of uniquely shaped objects, such as rocks
and flowers. In contrast, the intra-apparatus objects in
Langley's experiment were symmetrically placed and
identically shaped objects (four wood blocks). Perhaps
either the variety ofobjects, and/or their trial-unique spa-
tial configurations, increased the saliency of our intra-
apparatus cues and hence their uti l i ty for predicting the
location of caches. In addition to the type of landmarks,
our use of trial-unique landmarks in habituation and pre-
test trials may have affected how the kangaroo rats re-
sponded to the testing conditions. For example, they may
have become more attentive to the landmarks once they
learned that the landmarks were trial unique and hence
useful in predicting the location of caches for retrieval.
Thus spatial memory for caches could be influenced both
by the kind of landmarks available and by the training
procedures.

How l6 landmarks helped maintain memory for cache
sites over many days remains to be determined. On the
one hand, kangaroo rats could use landmarks to enhance
their recall ofcaches through an increased precision of
encoding cache location. If, for example, they use land-
marks to encode locations by calculating vectors between
cache and landmark sites (Collett, Cartwright, & Smith,
1986),  accuracy would decrease in the 10D,OLM condi-
tion because the arena is bare and precise coding is thus
diff icult. This would not be surprising, given that many
scatter hoarders use nearby landmarks to calculate loca-
tions of caches or goal sites (Balda & Turek, 1984; Kamil
& Jones, 1997; Vander Wal l ,  1982, 1991 ) .  Simi lar ly,  lab-
oratory rats swimming in the Morris water maze con-
centrate their search more precisely around the hidden
platform when there are more spatial cues in the envi-
ronment (see the comparison of data from Pellymounter,
Smith, & Gallagher, 1987, and Rapp, Rosenberg, & Gal-
lagher,  1987, in Leonard & McNaughton, 1990).  This
hypothesis ofprecision, however, does not explain why
the value of landmarks for retrieval accuracy would in-
crease with l ime since caching.

An al ternat ive hypothesis is that  t r ia l -unique land-
marks enhance memory after a long interval by reducing
proactive interference from previous trials. Reducing in-
terference by changing contextual cues, such as maze
color or floor texture between trials. reduces or eliminates
forgetting in laboratory rats, even 40 days after training
(Zentall. l970). Although this study only showed a reduc-
tion in retroactive interference, changing the spatial array
ofobjects should also reduce proactive interference. This
has been found in radial arm maze experiments in which
proactive interference is reduced when intra- or extra-maze
cues were changed between trials (Cohen et al.. 1994). In
addition, food-storing birds tested in food-finding tasks
cannot remember the baited location unless they are pro-
vided with t r ia l -unique cues (Brodbeck et  a l . ,  1992\. ln
our experiment, as well as Brodbeck's, these trial-unique

spatial cues may have been acting to reduce proactive in-
terference between repeated recall tests in the same en-
vironment. Without unique spatial cues, interference may
blur the distinction between events in the same or similar
environments, making it diff icult to distinguish between
these events over long time periods.

Retrieval intervals have also been found to be impor-
tant in proactive interference in Norway rats, with longer
retrieval intervals producing more interference (Roberts
& Dale, 1981). Although we did not f ind retrieval inter-
val by itself to cause deterioration in recall, we did find
that the retrieval interval acted with the absence ofland-
marks to reduce cache recovery accuracy. Our failure to
find a reduction in accuracy with the retrieval interval
manipulation alone may have stemmed from our choice
of l0 days as our longest interval. Previous tests ofcache
memory in the black-capped chickadee showed no dete-
rioration of memory before 28 days (Hitchcock & Sherry,
1990). This is the shortest retrieval interval after which
a reduction in cache recovery accuracy has been observed
in the laboratory. And although we cannot directly com-
pare our results from a mammalian species caching in
two dimensions to those from an avian species caching
in three dimensions, i t  is  nonetheless str ik ing that we
could produce a reduction in accuracy in as short an in-
terval as l0 days by forcing animals to cache in a bare
environment. This suggests that a profitable approach
for future research may be to manipulate the visual en-
vironment of the caching session, rather than the length
of the retrieval interval, to measure the memory capac-
ity of scatter hoarders.

Landmarks clearly play a role in memory for cache lo-
cations since scatter-hoarding animals appear to rely on
the relationship between their caches and nearby land-
marks to return to specific locations (Balda & Turek, 1984;
Bennett, 1993; Vander Wall, 1982, l99l). Yet what has
not been understood is whether landmarks are necessary
for remembering cache locations. Although our results
show that landmarks are not necessary over short reten-
tion intervals. they appear to play a crucial role in sus-
taining the memory over longer intervals. In our experi-
ment, we manipulated the presence of landmarks and the
trial-unique arrangement together, however; future re-
search should explore how these factors can be separated
so that their independent roles in influencing memory for
caches locations can be evaluated.

Finally, our finding that trial-unique landmarks are lm-
portant for  sustaining spat ja l  memory over t ime is s imi-
lar to findings from tests of spatial memory in laboratory
rats (Cohen et al., 1994; Zentall, 1970). However, scatter-
hoarding species can remember locations in space longer
than other species (Hilton & Krebs, 1990; Krebs, Healy,
& Shettleworth, 1990), and can rely on a different hierar-
chy ofcues to relocate spatial locations from that used by
nonstoring species (Brodbeck, 1994; Clayton & Krebs,
1993). Thus it is not yet clear whether there is a qualita-
tive difference in the effect of landmarks and test latencv



on recall accuracy in scatter-hoarding species ofrodents
and larder-hoarding species such as the laboratory rat.

In conclusion, this study shows that intra-apparatus
landmarks play a significant role in the memory for caches
of kangaroo rats u'illing to cache frequently when there
is a lengthy delay between caching and recovery. These
landmarks may be important in memory either because
they allow the animal to calculate the precise location of
each cache, or because they provide a unique spatial array
that the animal can use to discriminate between caches
made over repeated trials in the same arena, reducing inter-
ference from previous trials. Future experiments arising
from the present study will help determine what informa-
tion scatter-hoarding animals are storing in memory about
the visual scenes around their caches and further our un-
derstanding of how temporal and spatial information are
integrated into memory
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